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Background 


STS-93 (July 1999) 

• Short circuit in 14 AWG polyimide insulated v 

TWA 800 ( J u ly 1996) 

• Frayed polyimide wire in center tank areaK' 

SwissAir 111 (Septemberl99Sf> 

• Damaged wire in plants entertainment syste 

AS-204 (AdoILo.1, 


• Electrpjjwe^hort / ?/'/ // 


few 
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Background 


KSC's objective - to develop a smart wiring system that 
contains: 

• A that detects and locates an electrical compromise 

• A that will re-direct'eleetrical signals or power to spare 

conductors when damagejs^ete£t£&-. . # ^ ^ 4 

• A that-itf ijET&tes selfrheat&g of damaged wire insulation 

• A n thS repairs ^atnase&Lekctrical wire insulation 

when the dafna’ee is *tdb lafrgef't© Sefft* 



^ I £ /*' 

K S d'&fi e n t J^ts, ah d eng1n^rj£%0^been developing novel | 
wiring^te£bjfo1ogies toMfipre than a decade, focusing on 
advancingVtne technoldgies needed for the development of 
a truly smart wiring system, with diagnostic and prognostic 
capabilities 
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Damage Detection 




In-line time domain reflectometer 
(TDR) with the capability to detect 
open, short, and intermittent 
faults in either powered or 
unpowered cables _ 
Prototype unit - 6" X 
grams (includiogconnec^of^* 
Design n?(^^pr^tes over 81.00^ 
lo^i^gal^artfe-was designees 

^ir v/ ^rograramia^ 
gate 4 atray.4L^ 

CurrgW\)totype provides' the 
capabi^tVt^ evaluate up to 16 
wires irva cable bundle in a single 
scan, while acquiring failure 
information in real-time. 
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Damage Detection 


Online Mode 

Utilized custom test-box with 
a visual light emitting diode 
(LED) indicator 

LED was powered by a power 
source applied to the cable ^ 
under test ^ * ' l » \ 

Breaks or shprt^jfr fjje cable 
under^tesptould cattle a loss/ 
of p / 

Wire v^Vdamac®5l at 28 feet /'Ji 
- collect^dWayi indicated 
damage at 30.f^et ' ^ 

POC-P. Mfrd&ius y ^k 
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Re-Routing 





Master and Slave Units 
Master unit consists of a pulse generator, 
a multiplexer, a switch matrix, and a _ 
detector circuit 

The slave unit monitors the wire and&nce'~ 4, ‘' # 
it receives the signal, it routas'itJaaCk to , ' 
the master unit theough a c^njun^atijop^j 

\ a 1 1 i rr\ ^ " 1 , * |H 


wire 


Pulse jge 
muWfi 


pi ich tyfe n 


es a st^> 
rout£ 


wiresT^plT'Oweo^VpVopagatio 
signal throOcrr^ elected wire to^slave 
circuit, whiclVr^ceives the signal and 
routes back/t 6 master unit 
Current implementation of the hardware 
can monitor up to 8 wires 
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Re-Routing 
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Laboratory testing has demonstrated 
the capability of autonomously re- 
routing a faulty wire to an alternate 
path thus re-establishing the integrity 
of the failed circuit ^ 

Laboratory testing also demonstrate^ 


that the circuitry was capablSof relhpjply ' 

determining the on\ef of failifre^nd^/ r 

•t. //// 


quickly switch if^lj^fai led cin ' 
spare 

Futurq^^eroprm^if. efforts will 
on the fefee of^fl^/IS svyitches for 
increased teniaBJJify, greater current 
capacity, wmlep' voltage range, anj 
reduced size 
POC- M. Lewis 
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Self-Healing Wire Insulation 


• Wiring failures are the #1 issue for 
aerospace vehicles and aircraft 

• There are currently no commercial 
available self-healing wire insulation 
materials 

• Can utilize microencapsulation- 
technologies, flowable maferjaf' 0^ 
systems, and cpm]Dmation^th^re^f/ 

• Goal is to produce Ihigh-perform^Ke^' 
selfrbejdin^rffe ifijulation \^ith^ ^ 

1 Wl ' ^rrn^Vje equiv/lenf^ ^ 





h£ 
undama 


eck^re' 

Self-he 

expected\o/educe life-cycle costs, 
safety requirements, and increase 
mission reliability 


laliiro wjre insulation^ 
ed to j 
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1 mi'nflte 


Bef&re 


4 hours 


24 Hours 


Self-Healing Wire Insulation 


• Microencapsulation of healants for 

self-healing damages - optimized 
for efficient delivery of healants, 
thermal, electrical, and chemical 
stability _ 

• Self-sealing - utilizes novel Itrvy/. 
melting polyimide chemistry . 

developed at KS^V * * f 

• Systems cai>to^p^y^d individiicillV ! 

or x.o^df -alone *, // 
m a te|l^ l^o^farm" y^ate s / 

• Self-halin’ elifi^^en/ 
demonstratedVi a laboratory ■ 
environment jDUt has not been 
scaled-up to produce usable 
quantities for production 

• POC-M. Williams 
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Manual Repair 




One of the major limitations of current 
spacecraft wire insulation is that it tc 
to crack and fray as it ages 
Current repair methods used include-^ 
tape-wrap repair and a heaTsh^jT^epa'fr ' m 

-I- 1 . I I _ I T I* 






K§C^gP^I^»^^produce^ man 
f^^^^iVol^y the prpvictep, 
flexible, j^ig^erformance 


ily 


that 

perfgj"A^\a$ welT as the undamaged 
wire \\ y 

Supplements self-healing technology 
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Manual Repair 




Evaluation - Thermal, voltage 

withstand, electrical, flammability, 

mechanical slip testing, t-peel TJ ^ 

testing, solvent resistance, and life . * 

cycle evaluation “7 •* . # - 

- * • 'v • * * • j 

Repair materials developed ^e'low-, 

... .V. >: 


melting siloxa»e<ontair^ng^ f ' a, , 

polyimid^^7% f/ ? J /** 

Opb^tyftj^Gfap'cocess yb allpw 
pgrformed^isi " 
fatffy:ated or DO 
a ppro\)^p\eati ng'tool 
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• Repair procfess takes between 5-20 
minutes ' 

• POC-T. Gibson 
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In-Situ Wire Damage Detection 


• Integration of smart wiring 

technologies - damage detection, 
self-repair, re-routing, and mantJaT_ ~~ 
repair " "T- - 

• Damage detection utilizes aTnew wwre ♦'* # 1 

* • "V • 0 » J 

construction with a dan^ge^etection' 
layer and TDR* « • % t * j 

• Detect i opj^er^a n be a 

V: 
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•ftttype wire coi^fi 
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In-Situ Wire Damage Detection 








Integrated damage detection (TDR) 
and re-routing system developed an 
evaluated as part of dust tolerant 
connector project (cable diagnostics^.-. 
system) _ 

Cable diagnostics systems'ev^ruated. 
under a wide variety of l^st^ 

, short, pctin 


/AJ 


^ 10 % £©n sjru ct io n s 
usi^taboi B(Vy TDR and 
Bothjrtfflectametry methods detected 
damage \o detection layer - potential 
issues with connection to detection 
layer 

POC - M. Lewis & T. Gibson 
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Conclusions 


■r n 


KSC has made significant progress in^flvancing technologies 
needed for development of a smanfwiring system 

The technologies developed have been patented and^re 
available for technology transfer *' ' V-' - J 

KSC continues Jo. adya^ce*tbe t^ewrologies and seek partners 


KSC continues Jo. adya^ice.t^e 
to continye / 4^v«lopmept 

/s/,#rh ///J P 
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US 8,593,153 B2 - Method of FaujtBftection and 
Rerouting l 

US 8,623,253 B2 - Low-Melt Polyfamic acids) and 
Polyimides and Their U^es ^ 

US 2011/0210749 Ar-1n^mi Wire^mage^etection 
System „ ; ^ ^ 

US 2012/03^^28 A1 -S^l^^ing Polymer Materials for 
Wire fi^J^br^Polyin^id^^aii^f 3065 / and Inflatable 

13/915, 4OTV Low-Melt Poly(amic acids) and Polyimides 
and TheirX/ses (Continuation in Part) 

14/207,47^- Fluid/Electrical Connector Dust Mitigation 
Rotating Cap 
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